NRC INSPECTION MANUAL NMSS

I NSPECTI ON PROCEDURE 85309

MEASUREMENT SYSTEMS AND CONTROL
PROGRAM APPLI CABI LI TY: 2681

85309-01 | NSPECTI ON OBJECTI VE

Determ ne that an adequate program has been established and is
i npl ement ed and mai ntai ned for neasuring the quantities of SSNM
recei ved, produced, transferred, inventoried, shipped, discarded or
ot herwi se removed frominventory. The programnust be sufficient
to estimate the quantities of elenment and isotope assigned to
material inits possession. The licenses programmnust al so provide
esti mates of the standard devi ati on of such esti mated quantities.
Thi s programmnust assure that the quality of each SSNMneasur ement
systemis thoroughly tested and eval uated before its use and is
continually controlled to a |l evel of effectiveness sufficient to
satisfy the capabilities required for detection, response and
accounti ng.

85309-02 | NSPECTI ON REQUI REMENTS

Measur ement systens nmust conply with all applicable NRCregul ati ons
and safeguards license conditions. The FNMCP contains general
commtnments relative to the neasurenents systens. By inspection
det er m ne whet her:

02.01 A system of measurenments has been established and is
mai nt ai ned which is sufficient to: [74.59(d)]

a. Substantiate the plutoniumel ement and urani umel enent and
fissile isotope content of all SSNM received, produced,
transferred between areas of custodial responsibility, or
i nvent ori ed, or shipped, di scarded, or otherw se renpoved from
i nventory.

b. Enabl e the estimati on of the standard devi ati on associ at ed
with each neasured quantity.

c. Provide the data necessary for performance of the materi al
control tests required by 74.53(b).
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02.02 The quality of SSNM neasurenent systens and nmateri al
processi ng has been continually controlledto al evel of effective-
ness sufficient tosatisfy the capabilities  requiredfor detection,

response, and accounting. To achieve this objective the licensee
shall: [74.59(e)]
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a. Performprocess and engi neeri ng anal yses and eval uati ons of
t he design, installation, preoperational tests, calibration,
and operations of all neasurenent systens to be used f or MC&A
pur poses.

b. Performprocess and engi neering tests using well characterized
materials to establish or to verify the applicability of
exi sting procedures for m xi ng and sanpl i ng SSNMand nai nt ai n-
ing sanpleintegrity duringtransport and storage. Test nust
be repeated at | east every three years, at any tinme thereis
a process nodification that alters the physical or chem cal
conposition of the SSNM or whenever thereis achangeinthe
sanpling techni que or equi prment.

c. GCenerate current data on the performance of measurenent
processes, including, as appropriate, values for bias
corrections, uncertainties oncalibrationfactors, and random
error standard deviations. The program nust include:

1. The ongoi ng use of standards for cali bration and control
of all applicabl e measurenent systens. Calibrations nust
be repeat ed whenever any change i n a measurenent system
occurs which has the potential to affect a measurenent
result or when programdat a, generated by tests perfornmed
at pre-determ ned frequency, indicate a need for
recal ibration. Calibrations and test nust be based on
standards with traceability to national standards or
national ly accepted neasurenment systens.

2. Asystemof control neasurenents to provide current data
for the estimtion of the standard deviations that are
significant contributors tothe nmeasurenent uncertainties
associ ated wi t h shi pper/receiver differences, inventory
differences (I D), and process differences.

d. Utilize the data generated duringthe current material bal ance
period for the estimation of the standard error of the
inventory difference (SEID) and the standard error of the
process differences. Calibration and neasurenent error data
coll ected and used during i mediately preceding materi al
bal ance periods may be conmbi ned with current data provided
t hat t he measurenent systens are in statistical control and
t he conbi ned data are utilizedin characterizingthe unknowns.

e. Evaluate all program data and information to assure that
measurenent performance is so controlled that the SEID
estimator is less than 0.1 percent of active inventory.

f. Apply bias corrections by an appropriate procedure whereby:

1. Bias corrections are applied to individual items if for
any nmeasur ement systemthe rel ati ve bi as esti mat e exceeds
twice the standard deviation of its estimator, the
absolute bias estinates exceeds 50 grans of SSNM when
applied across all affecteditens, and t he absol ute bi as
estimate on an i ndi vi dual itembasis exceeds t he roundi ng
error of affected itens.
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2. Al biases (regardless of significance) that are not
applied as corrections toindividual itens are applied as
corrections to the ID.

g. Investigate and take corrective action, as appropriate, to
identify and reduce associ at ed neasur enment bi ases when, for
li ke material types (i.e. measured by the sane measur enent
system), the net cumul ative shipper/receiver differences
accumul at ed over a si x-nont h peri od exceed t he | arger of one
formul a kil ogramor 0.1 percent of the total anmount received.

h. Establish and maintainastatistical control systemdesi gned
to nmonitor the quality of each type of programneasurenent.
Control limts nust be establishedto be equivalent tolevels
of significance of 0.05 and 0.001. Control data exceedingthe
0.051imts must beinvestigated and corrective action taken
inatimly manner. Wenever a singl e data poi nt exceeds the
0.001 control limt, the neasurenment systemin questi on nmust
not be used for materi al control and accounting purposes unti |
it has been brought into control at the 0.05 |evel.

85309- 03 | NSPECTI ON GUI DANCE
03. 01 Requl ations. 74.59(d), 74.59(e)

03. 02 Requl atory Guides and Reports. NUREG- 1280, Standard
Format and Cont ent Acceptance Criteriafor the Material Control and
Accounti ng (MC&A) Ref or mAmendnent, Section 4.3, "Measurenents,"” and
Section 4.4, "Measurenent Control."

03.03 Criteria. The inspector verifies that SSNMval ues used
f or MC&A pur poses are based on neasurenents, that the uncertainties
associ ated with the neasured val ues are quantified, and that the
i censee continually controls the quality of nmeasurenment systens
enpl oyed for MC&Ato al evel sufficient tosatisfy the capabilities
required for | oss detection, response, and accounting. The goals
of the quality control programfor SSNMnmeasurenents are to mai ntain
the SEIDwithinthelimts specifiedin 74.59(e)(5) and m nim ze the
measurenment error contributiontothe standard devi ati ons associ at ed
with the material control tests required by 74.53(b).

Pre-inspection Activities. To prepare for the inspection, the
i nspect or should reviewthe specific portions of the FNMCP and t he
saf eguards | i cense condi ti ons for the planned i nspection activities;
review the previous inspection report for the site; review any
unresol ved or followup itens to be addressed duri ng t he i nspecti on;
and revi ew any comruni cati ons (including information notices and
bulletins) with the facility since the |ast inspection.

Post I nspection Activities. Followupis conducted as describedin
Manual Chapter 92701 and the Inspection Report is generated as
descri bed in Manual Chapter 0610.

a. The inspector reviews the SEIDand material control teststo
conpare the significant contributors tothe variances of the
IDs and the process nonitoring estimators wth the
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descriptionsinthe FNMCP. If thelicensee has difficulties
with an indi cator, the i nspector shoul d determ ne whet her a
specific material typeis the cause and whet her thi s has been
descri bed inthe FNMCP. The results of the eval uati on shoul d
be di scussed with the |licensee.

Al l measur enment poi nts nust be identified and nust i ncl ude as
a mninmum facility receipts, transfers between areas of
custodi al responsibility, points where SSNM products are
generated, wunit process boundaries, facility shipnments,
ef fl uent di scharge points, and significant sidestreans.

At each nmeasurenent point, the material types to be nmeasured
and t he measurenent systemto be used nust be descri bed. The
measur enent systens shoul d i ncl ude t he sanpl i ng net hod, nmass
or volunme, chem cal assay or nondestructive assay, and
i sotopi ¢ anal yses as appropriate. Conponents of each
measur enment systemshoul d i ncl ude t he equi pment required, a
synopsi s of technique, range of application, sensitivity,
precauti ons, and randon’fixed error estimtes.

The use of factorsislimtedtothose situations wheretinely
measurenents are inpractical. Factors nust be based on
measurenments, nonitored, and updated when appropriate
statistical tests indicate the need for updating.

Appropriate measurenments for material control tests wll
depend upon availability of substitute materials,
predictability of wmaterial conposition, and material
accessibility.

b. The adequacy of the |icensee's nmeasurenment program nust be
i ndependently verifiedby theinspector. Although nost of the
effort inthis area should focus on neasurenment systens t hat
either contribute significantly to the SEID for the plant
mat eri al bal ance or neasure a significant portion of the
inventory or transfers during an inventory period, each
measurenent system wused for accountability purposes,
irrespective of whether of not it is considered to be a key
system nust be evaluated in some nanner. The primry
nmeasur ement systens usually warrant a conprehensi ve revi ew of
system data as well as an evaluation using independent
sanpl i ng and anal ysis. The remai ni ng neasur enent systens may
only need a sinple review of data generated by the system
Neverthel ess, if the t hroughput of the SSNMneasured by such
a systemwere to significantly increase, it shouldreceive a
greater | evel of evaluation. The selection of measurenent
systens for detail ed eval uati on shoul d be based on previ ous
i nspection results.

Assessnent of Measurenent Proficiency. Materials neasured by
primary measur enent systens shoul d be i ndependent |y sanpl ed
and anal yzed by the i nspector to deternm ne the acceptability
of these systens (UF; woul d nornmal |y be an exception). The
nunber of sanples needed should be determ ned using a 10
percent fal se alarmrate coupled withthe degree of variation
(i.e., the mgnitude of allowable deviation) deened
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appropriate by the inspector. Usi ng this approach, the
i nspect or shoul d be ableto sel ect a sanple sizethat is|arge
enough to support a neaningful conparative statistical
anal ysi s wi t hout placi ng an undue burden upon the |icensee.
The statistical nethods used to eval uate the resul tant data
shall include, as appropriate, tests of individual and
cunmul ative differences, tests of neans, and tests of vari ance.
The results of all such anal yses shall be di scussed with t he
li censee during a subsequent inspection and thoroughly
docunmented in an inspectionreport. If the results obtained
are i nconcl usive, the eval uati on coul d be conti nued by eit her
perform ng sonme addi ti onal sanpling and anal ysis (e.g., split
sanpl es) or by having the |licensee analyze independently
certified standards brought in by the inspector. However,
once an i nspector verifies that a neasurenent probl emexi sts,
the |l i censee shall berequiredto performany anal yses deened
necessary by the i nspector to isol ate the specific source of
t he problem

Exam nati on of Measurenent Standards and St orage. Measurenent
st andar ds shoul d be stored under control | ed condi ti ons t hat
ensure the continued validity of the standards' assigned
val ues. The assigned val ues of these standards shoul d be
traceabl e through an unbroken chain of conparisons to a
nati onal systemof measurenent standards. This requires that
all instruments (includingvolunetric glassware, thernoneters,
etc.) usedin preparing standards be properly calibrated and
t hat docunmentati on of traceability be avail able for all such
st andar ds. Recertification of the assigned values of
standards should be done in accordance with comm tnents
contai nedinthe FNMCP. When possi bl e, control standards used
for the nmeasurenent control program should also be
representative of materials being neasured. That is, each
control standard shoul d have a matri x and SSNMconcentrati on
resenbling that of the material being processed. However,
since this is not always practical, the use of
nonrepresentative standards may be perm ssible if it is
adequately justified in the FNMCP or other appropriate
docunent ati on.

Eval uation of Calibration Procedures. The i nspector should
det er mi ne whet her t he neasur enent systens have been cal i brated
i naccordance with comm tnents containedinthe FNMCP. These
comm tnments should clearly statethecriteriato be used for
performng the initial calibration of a system and for
determ ni ng the need for recal i bration. The calibratedrange
must span the antici pated range of process material val ues.
Any resul ts outside of the range of cali bration shoul d not be
al l owed for material control and accounting purposes (this
range i ncl udes the uncertai nty associ ated with the standard
used for calibration).

The inspector should verify that calibration procedures
conformt o approved practices. Process and engi neeringtests
must be perfornmed using well characterized materials, to
verify the applicability of m xi ng and sanpl i ng procedures for
SSNMand assure sanpl e validity during transport and st orage.
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I n general, process and engineering tests to verify the
applicability of m xi ng and sanpli ng procedures need not be
perforned for 1) Ur;; 2) any nmaterial that utilizes a standard
sanpling technique as recomended by an ASTM gui de, ANSI
st andar d, Regul atory gui de, etc, provided the sanpling device
is a sinple manual device and historical data exists which
denonstrates that the node inwhichit is being used produces
an unbi ased sanpl e, or 3) any materi al which contri butes | ess
than 10 granms of U-235, U-233 or Puto the materi al bal ance.

Cal cul ation of the Standard Devi ati on. The i nspect or shoul d
det er mi ne whet her current data generated during theinventory
period is used by the licensee for establishing bias
correction val ues, uncertainties oncalibrationfactors and
random error vari ances.

The inspector should determ ne whether sufficient control
standard neasurenents and replicate analyses of process
materials were performed to permt a determ nation of the
st andard devi ati on associ ated with each measured quantity.
The anount of effort expended to determ ne t he magni t ude of
random and systematic errors should be related to the role
that such errors play in the calculation of the SEID. As a
general rule, the Iicense should have anal yzed a m ni num of
15 replicates during each material bal ance period for each
material type. In addition, a m ni numof 16 neasurenent of
control standards should be measured per material bal ance
period for each measurenent systemon t he basi s of a m ni num
of two standards per week that a systemis in operation.
However, fewer than the above m nimuns may be acceptable if
justified by an effort/benefit analysis.

No replicates are required for bulk volunme measurenents;
reproducibility results obtained during calibration are
sufficient. Randomerror variances for scal es, bal ances, and
NDA can be determned from individual or replicate
measur enent s of standards or process materials. Systematic
errors whose contribution to the SEIDis less than 5 grans
HEU, U-233 or Pu can be excluded fromthe cal cul ati on of the
SEID, provided that their total contributionis |less than 50
grans.

When a statistically significant change occurs in the
estimted standard deviation of a material control test
statistic, the alarmthreshold of the test is adjusted as
necessary to ensure that a goal quantity | oss of SSNMwi | | be
detected with a probability at | east as hi gh as t hat required
by 74.53(b)(2).

When a process nodification occurs, sufficient data are
generated to provide a reliable estimate of the standard
devi ati on applicable to the material control test.

The magni t ude of the uncertainties associated with process
variabilities is determ ned and applied in the overal
uncertainty (standard deviation) utilized in establishing
al arm t hreshol ds.
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The esti mat ed st andar d devi ati ons of the materi al control test
statistics are mai ntai ned at or belowa | evel sufficient to
achi eve the | oss detection capabilities established pursuant
to 74.53(b) without incurring an excessive rate of false
al arms.

Current inventory period data is used for the estimation of
the SEID and the standard deviations associated with the
process di fferences. Data generatedinimrediately precedi ng
mat eri al bal ance periods may be conbined with current data
when it can be denonstrated that the data is fromthe sane
di stribution, and the conbined data are utilized to establish
current period SSNM val ues.

The i nspector conpares the SEIDto the active inventory to
determ ne whether the nmeasurenent systems have been
controlled. The inspector should reviewthe processi ng and
production control records to assure that schedul i ng practi ces
are not significantly affecting MC&A performance, for exanple
scrap recovery practices.

Bi as corrections are applied to individual itens whenever a
bi as esti mat e exceeds tw ce t he esti mat ed st andard devi ati on
of the esti mator, 50 granms of SSNM and t he roundi ng error of
affecteditens. Otherw se, the inpact of uncorrected bi ases
isappliedas acorrectiontothe ID. Uncorrected biases are
not entered in the accounting records.

The enphasis of bias correction should be to obtain an
unbi ased value for the total plant ID quantity. Each bias
correction that is greater than its uncertainty at the 95
percent confidence |evel should be considered to be
statistically significant. Al affecteditens and associ at ed
records shoul d be corrected if the effect on the individual
items i s greater than the roundi ng error associated with the
accounting records. Wth respect to the above, bias
correction need not be considered if:

1. A measur enent system utilizes a poi nt
cal i brati on/ standardi zati on techni que i n a manner such
that the quantities assi gned to unknowns are det erm ned
directly fromstandards data and t he range of uncertainty
for unknowns intersects the region within plus or m nus
ten percent of the standard' s assigned val ue.

2. The bias of a neasurenment system is less than the
uncertainty inthe standard reference materi al invol ved
of the systenml s standards or the uncertainty in the
system s control standard's provided the uncertaintyis
| ess than 0. 05 percent.

For all SSNM both statistically significant and insignificant
bi as corrections nmust be included in the reported plant ID
value or a prior period adjustnent. In addition, bias
correctioninformation fromprior periods nmust be mai nt ai ned
and accurately tracked sothat it can be correctly appliedto
SSNMI i st ed under each terminthe plant I Dexpression (i.e.,
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begi nni ng i nventory, endinginventory, additions toinventory,
renoval s, and prior period adjustnents). The nunber of
significant figures in each bias correction should be
consistent with the nunmber of significant figures in the
originally assigned val ue.

Bi as corrections associated with material control test are
ei ther applied prior to assessingthe significance of thetest
results or are avail able for resol ution.

Moni toring of Cunul ative Shi pper/Receiver Differences. The
i nspector should verify that cunul ative shipper/receiver
differences for each like material type are routinely
nmoni t or ed, and when they are determ ned to be statistically
significant and exceed the | arger of one FKGor 0.1 percent
of the quantity shipped, corrective action is taken to
identify and correct measurenent biases.

Cal cul ation of Standard Devi ati on for Each Measured Quantity.
To i nspect the statistical controls of measurenent systens,
t he i nspector shoul d performa file check to determnm ne whet her
al | nmeasurenent systens are nonitored, shoul d revi ewseveral
key measurenment systenms, and should observe procedural
conpl i ance.

Use of Control Charts and Establi shnent of AlarmThreshol ds.
The i nspector should verify that a statistical control system
i's maintained to ensure that measurenents enpl oyed for MC&A
pur poses are obtai ned fromneasurenent systens that arein a
state of statistical control. Control limts are established
at the 0.05 and 0. 001 | evel s of significance. Control limts
must not be recal cul ated sinply to resol ve an out - of -contr ol
situation. Wenever a nmeasurenent systemis operati ng between
the 0.05 and 0.001 control limts, nmore data should be
col | ected and anal yzed. MC&A managenent shoul d be pronptly
notified of this condition. Such notification should occur
within 48 hours if one data point falls in this range and
within 24 hours if two consecutive points fall inthis range
(excl udi ng Saturdays, Sundays, and holidays if the plant is
not operating). Investigations of exceeded control limts
shoul d concentrat e on determ ni ng t he assi gnabl e cause of such
si tuati ons. These investigations and the associated
corrective acti ons shoul d be conpl et ed and docunented wi t hin
7 cal endar days. MC&A nanagenent nust have the authority to
suspend measurenment activities for MC&A purposes when a
system s data exceeds the 0.001 control limt.

The neasur ement control programnust nonitor the measur ement
of all standards and replicates anal yzed for MC&A pur poses
unl ess specifically exenpted by a license condition. The
i nspector should determne that control charts or their
equi val ent are used in conjunction with nore conprehensive
anal yses of control data during and at the end of each
mat eri al bal ance peri od. Such anal yses shoul d i ncl ude but not
belimtedtotrend anal ysis, anal ysis of out-of-control data,
anal ysi s of the appropri ateness of control limts, andtests
for randommess and normality. The results of these anal yses
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03. 04

should be reported to all individuals who have direct or

indirect responsibility for performng the associated
measur enent s.

Moni t oring of Contractor Measurenent Systens. The i nspector
shoul d verify that contractors who performMC&A measur enment
servi ces have i npl enent ed and nai nt ai ned a control programfor
measur enent errors and for human errors. The programwi || be
of such depth and intensity as not to degrade t he MC&A system
The i nspector normal |y shoul d reviewthe | i censee's audits of
contractor neasurenent control prograns as part of i nspecting
requi renment 02.08 in I nspection Procedure 85XX7. |If issues
are identified for follow up, then the inspector shoul d
di scuss the concerns with the licensee managenent and as
appropriate, schedule followup activities for the contractor.
These fol l owup activities may be coordi nated with routi ne NRC
i nspection activities for the contractor, but shoul d consi der
the inmpacts on the |icensee.

| nspection Activities Flowchart. Figure 1 shows a flow

chart of the neasurenent systemand control inspection activities.

85309
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FI GURE 1

MEASUREMENT SYSTEMS AND CONTROL | NSPECTI ON

[ THIS PAGE | NTENTI ONALLY LEFT BLANK]

Issue Date: 03/18/91 E-1 85309 Enclosure



